The paper analyses Norwegian 19 th century patentees. A special focus is on the affiliation or relationship of the patentees to the manufacturing industries, business and the wider economy. A main question is whether the inventors were what might be called 'amateurs' working independently, or 'professionals' working closer to firms or institutions. A main finding is that even the individual patentees, that comprised the majority of all patentees, had strong associations with industry, and the distinction between 'professionals' and 'amateurs' is not all that useful.
Introduction
In an attempt to explain the usefulness of information from patents (patent data and patent statistics) to shed light on innovation, it is necessary to look into and study the patents in detail. It is necessary to know who the patentees were and thus get a deeper understanding of the relationship between the patents and their environment -the actual economy. One important relationship is between the patent (and the patentee) on the one hand and the invention (inventor), innovation (innovator, entrepreneur) and the technological and economic changes at large. Another relationship is between patentees and companies, institutions, industries and government. In this context, one question is whether the inventors were what we might call 'amateurs' working independently, or 'professionals' working closer to firms or institutions? It is still a challenge to find out more about to what extent patents were mere curiosities and to what extent they led to important changes and affected economic and technological development. To study the relationships between amateurs and professionals represents at least one way to assess the possible economic and / or technological impact of patents.
It has traditionally been assumed that the technological development that historically used to be initiated by individual amateur inventors, increasingly originated within companies as institutionalized R&D -in professional environments.
2 This development has also been unveiled in patent data from Schmookler and onwards. 3 There has also been a much more recent interest in research on the early development of the patent system in several countries. The research has focused on the development of the system itself, but also on the relationship between patentees and inventors and about the increasing professionalization. 4 Most recently, Nicholas has studied the role of the so-called independent inventor from the late 19 th century in several countries (the US, UK and Japan). How can we distinguish between amateur and professional inventors and patentees? One obvious distinction is between on the one hand patents applied for and granted to individuals, and on the other hand to companies / firms. However, the patents granted to individuals may obviously also have clear economic motives, and the inventors may have a close relation to industry or commerce.
Nicholas' analysis shows in fact that the quality (as indicated by citations) of the individual or independent patents where typically higher than patents that originated within firms. This obviously question if the distinction between individual and firm patents will also distinguish between the amateurs and the professionals. In analyzing such issues in the context of the British Industrial Revolution, Dutton defined four criteria that had to be met if the inventors should be considered as 'economic men operating in what might be termed an invention industry': 7 (1) Most inventors would obtain patent protection for their ideas, (2) a considerable proportion of the inventors would hold several patents, (3) the inventors would invent (and patent) in different industries to diversify their inventive portfolio, and (4) patented inventions would be traded. Dutton used the phrase 'quasi-professional inventor' of these multiple patentees.
This paper will study Norwegian 19 th century patentees using a sample of data from our own earlier research, as well as new studies of Norwegian patent records. 8 A special focus will be on the affiliation or relationship of the patentees to the wider economy. We will especially address the relationships between individual and company patentees and between amateur and professional inventors. We will investigate patentees and patents, and how they may shed light on our main questions. We will, following Dutton, investigate the multiple patentees. We will in particular discuss how the patents were distributed across categories, and ask whether a concentration or a diversification of the patent portfolio is the most likely strategy for the professional inventor.
The question about the extent to which inventors patent, will not be dealt with here. Furthermore, we will not discuss trading of patented inventions. Both questions are nevertheless very interesting and important, and deserve to be analyzed in future research.
2. The 19 th century patent system in Norway
The Norwegian patent system was formally established in 1839 after a number of years with discussions of how it should be organized. For many years the interest in the patent institution and in patenting was moderate. A first real increase in patenting occurred only in the 1870s and 80s -much later than in many other European countries.
In earlier papers, the creation of this system in Norway and the development throughout the latter part of the 19th century, have been studied. 9 One question was how the patent system was considered by the government as part of the general modernization strategy at the time. Another one was the degree to which patenting activity seemed to be related to the general industrialization process of the country in the latter part of the 19 th century. Both the development in the aggregate numbers of relevant patent statistics (applications, grants) and the relationship between Norwegians and foreigners were analyzed. Between 1839 and 1860 the annual number of applications was typically less than ten, and never reached more than 19 (in 1859). In Figure 1 Before 1877 annual total applications were never more than 150. Over the years that followed, patenting was, as can be seen in Figure 1 , increasing to more significant numbers.
What about patents with a foreign origin? During the very first years after 1840 there was little or no interest from abroad. But as the existence of the system became better known, the number of applications increased. Numbers stayed low, but the proportion of patents granted in Norway annually to foreign citizens increased gradually to typically around 80 percent around the turn of the century. It is clearly seen in Figure 1 that the patents granted to foreigners were responsible for the overall increase in grants in Norway. Grants to Norwegian citizens were quite modest throughout the entire pre WWI period -never reaching more than 300 annually.
The distribution on patent classes, technological areas and industries have also been analyzed earlier.
Furthermore, the relationship between various groups of patentees; the so-called amateurs and professionals was also to some extent studied. However, this was not done on a true micro-level, by looking at the individual patentees. This will therefore be the main focus of the following analysis. Norwegian company, later to become a major manufacturer of nails in the Oslo area.
These first twenty years of patenting in Norway show that companies were insignificant as patentees. Taking the entire period 1840 to 1885 together, the picture does not change much. In Table 1 the patents are grouped according to the category of the patentee; whether he was an individual inventor, if two or more individuals were collaborating about the patent, or if the patentee was a company. 10 Register over norske patenter udferdigede indtil 1ste Januar 1886 (Register of Norwegian patents), Kristiania 1896.
11 Basberg (1997) , p. 154. An overwhelming majority (81.6%) of the patentees had applied for and were granted patents on their own. Two or more individuals collaborating about a patent was rare (11.8%) and patents in the name of companies were rare (6.6%). If only patents in the name of companies are considered to belong to professional inventors, the dominance of amateurs was, indeed, apparent among early Norwegian patentees.
Whether the patentee was an individual or a company may indicate something about the importance of the patent. Another indication of the importance of the patentee is the number of patents they had. This is one of the criteria referred to by Dutton when defining the 'quasi-professional inventor'. The distribution reveals a very clear picture. The vast majority of the patentees with more than one patent were individuals, single person patentees (84.6%). And a vast majority of the multiple patentees had two patents. One might assume that patents granted to two or more individuals or to companies would be responsible for more patents (3, 4 or more), but that was not the case. We can see that out of 39 patentees with three patents, 33 were individual patentees. Out of 32 patentees with four or more patents, 31 were individual patentees. The companies were slightly more active in multi-patenting (8.5%) compared to their proportion of the total patents (6.6%), but these are small differences.
It should be of interest to take a closer look at these patentees. The 32 patentees with four or more patents altogether held 179 patents; an average of 5.6 patents per patentee. 19 patentees were Norwegians, and they are listed in Appendix I. Some biographical notes are also included, and one is immediately struck by the presence of several familiar names from the Norwegian manufacturing industry at the time. At least to some degree they seem to reflect new, emerging industries that characterized the industrialization process in Norway in the second half of the nineteenth century.
One such industry was the mechanical works and shipyards that grew up from the 1840s and 50s exploiting among others the new steam technology, and built ships, locomotives and machinery for other emerging industries. Jacob Smith Jarman (five patents), for example, was a co-founder of the Nyland mechanical work in 1854. The brothers Jens and Andreas Jensen together with Knud Dahl (four patents) (the only patent in this category in Table 2 granted to two or more individuals)
founded another of those pioneer works; Myren Works. This is also where Henrik Chr. F. Størmer (four patents) spent part of his career. But he also founded several cellulose factories, another important branch of new Norwegian industries together with wood processing and paper. H.C.
Hansen (four patents) is another patentee who was a pioneer within this industry; co-founding an early wood processing factory in Skien and working at the Laugstol Brug. Anton Løvstad (six patents) was in charge of the building of the first sulfit cellulose plant in Norway, Vadretta in Skien in 1881.
Then there were other industrial pioneers: C.C. Steenstrup (four patents) belonged to a well known family of industrialists, was working in the iron industry and the emerging mechanical industry, and was an inventor in a variety of areas. 13 Svend Foyn (five patents) founded an entirely new industry -'modern' whaling.
The biographical notes in Appendix I are far from complete. They do, however, seem to suggest that inventors with an association to industrial firms have used the patent system from its earliest days in
Norway. Although the patentees were individuals and not companies, they must indeed be considered as professional inventors. However, this is not to say that the patent records of the first decades were not dominated by the amateurs. This is also clearly reflected in the names that are listed in Appendix I that, of course, only shows the tip of the iceberg. The fact that we have no biographical information about several of the patentees may well indicate that they never made their way into the history books and encyclopedias. They were indeed amateurs.
The foreign patentees with more than four patents between 1840 and 1885 have also been analyzed in some detail (Appendix II). They also contain familiar names from invention-and industry history, reflecting that the patent system even in the European periphery at the time was worth considering; for example T.A. Edison (seven patents), A. Krupp (six patents), H.S. Maxim (13 patents -the highest number registered by one patentee) and G. Westinghouse jr. (six patents). These inventors applied for patents in their own names, but clearly they cannot be labeled as amateur inventors -they were indeed among the most well respected and well known inventors at the time.
The selections (patentees with more than four patents) in Appendix I and II will most likely have a bias towards professional inventors as compared to the entire number of patentees. But clearly, also amateur inventors could hold many patents. A distinction in addition to the actual number of patents may therefore be the degree of concentration of the patents in certain areas. According to Dutton, the professional inventor would spread the inventive effort and accordingly the patents on many areas -to diversify the portfolio and spread risk. This may well be the case for some inventors. We will, however, argue that the opposite may also be a likely strategy, that the professional inventor would concentrate his inventive efforts within his professional area (wood processing, machinery, navigation, etc). The amateur, on the other hand, may display no clear concentration or focus on certain areas. Our data seem to suggest such patterns. We can see that in Appendix I where a majority of the patentees that we know little about, held patents in a variety of fields (misc.). One example is Lars Engebretsen who held eight patents; a breadknife, a wood chopping machine, a ventilation oven, a cloth-iron, a system for heating of railway cabins, an apparatus of drying of whale meat, operation of a steam engine and a steam engine. These dispersed interests probably characterize a true amateur inventor. On the other hand, the more well known multiple patentees with a clear association to industrial firms, typically held patents within their fields of expertise.
We are not at this point going into detail on patenting from 1885 and onwards. nvestigations in this field and also founded companies at home and abroad. He was also a leading member of the Norwegian business community at the time.
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As was the case with patents granted to Norwegians, patents granted to foreign citizens were for many years mostly granted to individuals. It is difficult to assess the industry affiliation for many of these patentees and to what extent they should be characterized as amateurs or professionals. But clearly, as we have tried to show, many had strong links to industry.
As with the Norwegian patentees, the habits of the foreign patentees also changed. It probably occurred earlier among the foreigners patenting in Norway. In Table 3 we have listed the most active foreign patentees in Norway in 1900. They are now clearly dominated by large, well known firms like Krupp, AEG and Siemens. However, the habit of patenting in the name of the individual inventor is still evident. The name on the top of the list is in fact Benjamin G. Lamme, the well known electrical engineer within the field of electrical power machines who had worked with Westinghouse for his entire career and became the chief engineer of the company in 1904. He held a number of patents, and was clearly no amateur inventor.
His interest for patent-protection in Norway was shared with many other foreign inventors. Norway was about to embark on its hydro-electricity bonanza, and Lamme together with Westinghouse had just constructed the generators for the largest hydro-power plant in the world at Niagara Falls.
This listing will not be taken any further. More names could have been mentioned, but the point is just to illustrate that the patent system was not primarily used by those on the sideline of the industrial environment, but was always an integral part of research, development and innovation within industry. These patentees were obviously not amateur inventors, but professionals with formal ties to leading manufacturing firms within fields that were in the technological 'hot' areas at the time in Norway; such as wood processing, hydro electricity, electro-metallurgy and electrochemicals. However, the habit of the day was that the inventor rather than the firm held the patent. This is clearly shown in our analysis.
In addition to some company patentees, there are also some few examples in the patent records of 
